Cellulosic ethanol, however, will require pretreatment to break down lingo-cellulosic structures prior to fermentation. Among all the pretreatment reagents which can be used, ammonia has been shown to be one of the most effective, because it can readily delignify, swell, and preserve the cellulose. Previous work evaluated the effectiveness of the LMAA pretreatment method. The purpose of this study was to determine optimal conditions (i.e. highest glucose yield) using the LMAA pretreatment process. In this experiment, corn stover was prepared with different moisture contents (20%, 50%, 80% wt) and particle sizes (9-30 mesh, 30-144 mesh). Corn stover was ammoniated at 20 psi for 30 minutes. Ammoniated corn stover then was subjected to different incubation times (24h, 75h, and 144h) under different temperatures (20C, 70C, 120C). After that, compositional analyses, including ash content, solids content, structural carbohydrates, and lignin content, were conducted. Enzymatic digestibility tests were also conducted. Results from this study will be used to improve the efficiency of pretreatment processing.
Introduction
Over the past few years, more and more researches have focused on alternatives to fossil fuel due to the concerns about environmental, economic and security issues (Mosier, et al. 2005) . Bioethanol, which is renewable and environmental-friendly, can be used as an alternative to gasoline. Currently, bio-ethanol is mainly produced from sugar-or starch-based materials, which are known as first generation biofuels. Corn ethanol produced in the US and sugarcane ethanol produced in Brazil has been reported to be the world's predominant biofuel nowadays. However, concerns exist about the sources of the first generation biofuel, known as the food versus fuel debate (Sims, et al. 2010 ).
Bioethanol produced from lignocellulosic biomass, including agricultural residues, forestry residues, and energy crops, is regarded to be another available option because of low cost and less competition with food (Cheng and Timilsina 2011) . Lignocellulosic biomass sources are the most abundant raw materials on the earth. The main components in lignocellulosic biomass are cellulose, hemicellulose and lignin. Typically, four major steps are needed in bioethanol production from lignocellulose: pretreatment, enzymatic hydrolysis, fermentation and ethanol recovery (Naik, et al. 2010 ). These carbohydrate polymers contain different sugars, such as pentose and hexose. Moreover, they are tightly bound with each other. Because of such characteristic of lignocellulosic biomass, pretreatment is required for efficient enzymatic hydrolysis (Mosier, et al. 2005) . 3 Numerous biomasses have been studied for biofuel production, such as wheat straw (Alinia, et al. 2010) , aspen (Yourchisin and Walsum 2004) , soybean straw (Wan and Li 2011) , and corn stover (Narayanaswamy, et al. 2011 ). The primary lignocellulosic biomass suitable is corn stover, which is regarded as one of the most important source of bioenergy, bioethanol and a few commodity chemicals (Sassner et al., 2008 ). What's more, various studies focused on pretreatment methods have been conducted to enhance enzymatic digestibility and improve ethanol yield based on corn stover. Among all chemical reagents used for pretreatment, ammonia stands out because of its delignification, high preservation of glucose and swelling effects (Yoo, et al. 2011 ).
In 2011, Yoo et al developed a new pretreatment method named low moisture anhydrous ammonia (LMAA). In their study, a small sealed batch reactor (690 mL internal volume) was used and achieved 89% of theoretical ethanol yield. However, the optimal conditions of small reactors may not be accurate when scaled up.
In this study, a deeper investigation of the Low-Moisture Anhydrous Ammonia (LMAA) pretreatment method process with a larger-scale reactor (3L), under a range of pretreatment conditions (moisture content, particle size, pretreatment temperature, and pretreatment time) was studied.
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Materials and Methods
Biomass
In this study, air-dried corn stover was supplied from central Iowa in 2012 and stored at ambient temperature. The biomass was then ground and sieved into three various sizes prior to pretreatment (<0.09 mm, 0.09-2.0mm, >2.0 mm). The sieved corn stover was kept at room temperature (~21°C) until use.
Equipment
The 3L reactor (Figure 1) , which was about 4.35 times larger compared to Yoo's (2011) 
LMAA pretreatment process
Before ammoniation, different amounts of water were added to the corn stover in order to meet the target moisture content (20, 50, and 80 wb %); samples were equilibrated for over 24 h.
Moisturized corn stover was placed in the sealed reactor, and ammonia was introduced. A pipe was connected between the top of the reactor and the fume hood to ventilate surplus ammonia. A pressure gauge was equipped on the reactor to monitor the pressure change during the ammoniation process. Anhydrous ammonia was added up to the targeted pressure to achieve 0.1 g NH 3 / g dry matter biomass. The whole ammoniation process lasted up to 30 minutes in order to achieve a complete reaction.
Temperature changes could be observed from the temperature gauge which was also equipped on the top of the reactor, but it was not controlled during this study. After the ammoniation process was finished, the reactor was cooled down for 5 minutes, the lid was removed in the fume hood, and then the ammoniated corn stover was transferred into several glass bottles (250 mL) with a screw cap.
The bottles packed with ammoniated corn stover were placed in heating ovens at various pretreatment temperatures (20°C, 75°C, and 120°C) for 24 h, 72 h, and 144 h. As soon as the pretreatment process was complete, the lid of the glass bottles was removed in the fume hood and surplus ammonia was evaporated for 12 h.
Experimental design
In this study, four independent variables that influenced the reaction severity were investigated. Biomass moisture contents were 20 wb %, 50 wb % and 80 wb %; the pretreatment times were 24 h, 72 h, 144 h; the pretreatment temperatures were 20°C, 75°C, 120°C, and the particle sizes were <0.9mm, 0.9-2.0mm and >2.0mm, respectively; with five 0h pretreated samples and five un-pretreated samples served as control groups, there were 27 treatments in this study. Moisture content，lignin, glucan, xylan, galactan, arabinan, and mannan were measured as dependent variables during the experiment. The experimental design for this study is shown in Table 1 .
Compositional analyses
Carbohydrates and lignin were determined followed by NREL LAP (NREL, 2011) . Each sample was analyzed in duplicate. The content of glucan and xylan in the corn stover were analyzed by HPLC, following the NREL standards. Acid soluble lignin (ASL) was measured by UV-Visible Spectrophotometer. And moisture content was determined by the oven drying method (NREL, 2011).
Enzymatic digestibility test
Enzymatic digestibility was determined following NREL LAP (NREL, 2008) .
The test was done in duplicate under conditions of pH 4.8 (0.1M sodium citrate buffer) 
Results and Discussion
Effects of LMAA pretreatment on biomass composition
As shown in table 2 (main effects on composition), the use of anhydrous ammonia didn't result in large differences in terms of lignin, glucan, xylan, galactan, arabinan, and mannan content, as indicated by the similar letters after each mean value. What's more, the majority of the p-values of the interaction effects (table 3) between factors were higher than 0.05, which indicated little evidence of significant interactions among the four factors. As for the treatment effects on composition, as shown in table 4, similar were found. Many studies using ammonia as the base reagent have reported similar results (Alizadeh, Teymouri and Gilbert 2005) . This 8 occured mainly because the ammonia used was meant to break down cellulose and separate lignin from cellulose and hemicellulose. In other words, ammonia didn't have a strong effect on changing composition.
Effects of LMAA pretreatment on enzymatic digestibility
All enzymatic digestibility results are presented in figure 2. As can be observed from figure 3, the highest digestibility from enzymatic digestibility of pretreated corn stover (71.6%) was much higher than unpretreated stover (26.6%), which validated the effect of anhydrous ammonia in breaking down cellulose into monosaccharides.
Among the 27 treatments, 72h, 75°C, and 50 wb.% moisture content with 0.1 g NH 3 /g DM corn stover had the highest digestibility (71.6%). This result was similar to Yoo's work (84h, 85°C, 50 wb.% moisture content with 0.1g NH 3 /g DM corn stover). As to the time effect on enzymatic digestibility, longer time may improve digestibility, but not very substantially (figure 4). However, figure 5 confirmed that lower incubation temperature may improve digestibility compared with higher temperature.
Conclusions
In this study, the effect of LMAA pretreatment in a larger scale reactor was studied. The results were similar compared with previous research, which indicated that LMAA pretreatment has the potential to achieve relatively higher glucose yields.
Optimal conditions were 50 wb % moisture content, 72h, 75°C, and 0.1g NH 3 /g DM biomass. For further studies, LMAA pretreatment process could be studied in a pilot scale to validate the optimal condition obtained from lab scale experiment. * Similar letters after means in each level of the main factor indicates insignificant differences at α=0.05, LSD, for that dependent variable. Values in parentheses are standard deviation. S denotes size less than 0.9 mm, M denotes size between 0.9-2.0 mm, while L denotes size larger than 2.0 mm. 
